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(57) Abstract 

The Mobility Node (101) of the present invention maps signals, dialed digits, or other information from the mobile (140-142) to the 
appropriate protocols of the local exchange carrier's (LEC) Class 5 switch (120-123) and vice versa. If the signal does not have an LEC 
or base station equivalent, the Mobility Node (101) performs the appropriate processing. Multiple Mobility Nodes (101) are connected by 
a predetermined protocol link to enable inter-system communication. 
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WIRELESS ACCESS FOR LOCAL EXCHANGE CARRIERS 

Background of the Invention 

5 I. Field of the Invention 

The present invention relates to radio communications. More particularly, 
the present invention relates to wireless access to a local exchange carrier network. 

II* Description of the Related Art 

10 The availability of personal communication services (PCS) in the 1.9 GHz 

band is a growing segment of the wireless market. PCS is a boon to the holders of 
the bandwidth licenses. The wireline (local exchange carriers) and cellular 
operators, however, face losing subscribers because of this new technology. 
The average subscriber is not likely to know or care about the subtle 
15 technology differences between cellular and PCS. It is generally expected that the 
cellular operators will retain the high-speed, high-mobility subscribers while the 
PCS operators are more likely to gain the low-speed, low-mobility subscribers. 

The local exchange carriers (LECs) are at a severe disadvantage due to their 
extremely large and expensive telephony infrastructure that is mobility-incapable. 
20 Mobility has been shown to be of high value to customers even though, most of the 
time, they need only basic voice services. 

There are currently a number of options that provide subscribers wireless 
access to wireline services. These options include wireless local loop, cellular/PCS 
overlay, and Generic-C. These technologies all provide some level of mobility but 
25 also have some limitations. 

Wireless local loop, with the in-building equivalent Wireless Adjunct, are 
designed to replace the last few yards of copper wire to the subscriber's telephone 
with a radio link. Various wireless local loop solutions employ a variety of RF 
technologies, but their general characteristics are similar: they appear to the host 
LEC office as a set of subscriber lines and convert the signaling transmitted over 
the RF interface into the signaling required by the LEC and vice versa. A wireless 
local loop solution is little more than a protocol converter for wireless telephones. 



30 
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The present invention encompasses a wireless access system chat enables a 
local exchange carrier to provide wireless access to subscribers while also providing 
the benefits of wireline services. The present invention thus provides the benefits of 
both a cellular or PCS system and a wireline system. 
5 The system of the present invention is comprised of a plurality of cells. Each 

cell has a base station that is coupled to an antenna for communicating with the 
mobile radiotelephones within that cell. 

A plurality of local exchange carrier (LEG) Class 5 switches are coupled to 
wireline subscriber units. Additionally, each switch has a plurality of input/output 
10 ports, a port being assigned to each radiotelephone that is operating in the system. 

A Mobility Node is coupled to the input/output ports on the LEC switches, 
the cells, and a subscriber database. The subscriber database has a listing of the 
wireless subscribers registered to operate in that particular system. 

The Mobility Node makes the wireless mobiles appear as wireline units to 
15 the LECs. This is accomplished by the Mobility Node mapping signals received from 
the LEC switches to the appropriate radio frequency (RF) protocol for the base 
station. The Mobility Node also maps signals from the base stations to the 
appropriate LEC protocol for the LEC switches. 

20 Brief Description of the Drawings 

FIG. 1 shows a block diagram of the wireless system of the present invention. 

FIG. 2 shows a flowchart of a wireless access process of the present invention 
for making a call from a local exchange carrier. 
25 FIG. 3 shows a flowchart of a wireless access process of the present invention 

for making a call from a wireless mobile. 

FIG. 4 shows a flowchart of a wireless access process of the present invention 
for performing a hand-off of a wireless mobile. 

FIG. 5 shows a flowchart of a wireless access process of the present invention 
30 in which a roaming wireless mobile registers with a visited system. 

FIG. 6 shows a block diagram of a wireless system utilizing some components 
of the system illustrated in FIG. 1. 
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Access (TDMA), Global System for Mobile communications (GSM), and other 
cellular radiotelephone systems. 

The cell, in the preferred embodiment, is sectorized. As is well known in the 
art, this is accomplished by using a number of directional antennas, one directional 
5 antenna for each sector, in the approximate center of the cell. An alternate 

embodiment uses one omnidirectional antenna in the center of the cell to radiate 
the entire cell. 

The antennas are each coupled to a base station (105-108) that is comprised 
of radio transmitters and receivers. The transmitters and receivers are tuned to the 
10 various frequencies allotted for that particular cell in a particular metropolitan 
system. 

A Mobility Node (101) couples the base stations (105-108) to the LEC office 
switches (120-123). The Mobility Node (101) is similar to a mobile telephone switch 
that has a processor for handling multiple functions for the base stations including 

15 hand-offs and roaming of the radiotelephone. 

The Mobility Node (101) of the present invention, however, is capable of 
advanced features beyond a prior art mobile telephone switch. The Mobility Node 
(101) also maps wireless protocols to Class 5 switch protocols, thereby making the 
wireless mobile appear as a wireline telephone to the LEC. 

20 The Mobility Node (101) is coupled to a database referred to as the home 

location register (HLR) (110). This database keeps track of the wireless subscribers 
who are registered to operate in the system. This database stores data on the 
subscriber such as the subscriber's telephone number and the LEC input/output 
port with which the telephone number is associated. 

25 In the subsequent discussion, the Mobility Node may be referred to either as 

a home Mobility Node or a visited Mobility Node. The home Mobility Node is 
associated with the system in which the wireless mobile appears in the system's 
home location register (HLR). The visited Mobility Node is associated with a system 
in which the wireless mobile is roaming and therefore is not resident in that 

30 system's HLR. 

The processes of the present invention are illustrated in FIGs. 2-5, 7, and 8. 
The following descriptions of these processes refer to the block diagram of FIG. 6. 
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that port b of the LEG (610) has been seized (step 210). The Mobility Node (605) 
then queries the HLR (606) to determine which mobile is associated with that 
particular port (step 215). If the HLR (606) does not respond (step 220), an error 
condition exists since the Mobility Node (605) does not know which mobile to page. 
5 The Mobility Node then provides an appropriate treatment (step 225) such as a tone 
or announcement indicating the error condition. 

If the HLR (606) responds to the query (step 220), it then must be determined 
if the mobile is roaming away from the home system (step 230). If the subscriber is 
not roaming, the home Mobility Node (605) pages the cells (601 and 602) (step 240) 

10 and waits for a response (step 245) from the mobile (630). In the preferred 

embodiment, this response is the same as the response generated by a mobile unit 
m an AMPS system. Alternate embodiments use other types of responses. 

If the mobile (630) does not respond to the page request (step 245), the call is 
treated as being unanswered (step 260). If the mobile (630) recognizes the page 

15 request from the cell (602) and responds (step 245), the home Mobility Node (605) 
receives the response and performs its normal call setup tasks that includes 
assigning the mobile (630) to an available channel on the cell (602) and connecting 
the assigned channel to port b (step 250). The home Mobility Node (605) then 
causes the mobile unit (630) to ring by transmitting an alert command (step 255) to 

20 the mobile. 

At this point, the mobile subscriber (630) and the calling subscriber (615) are 
connected and the process goes to the active call process (step 700) illustrated in 
FIG. 7. If the mobile (630) answers the call or invokes any special services or 
vertical features (such as conference calls or call waiting), the home Mobility Node 

25 (605) transmits the mobile's signals, dialed digits, or other information to the LEC 
office (610) using the appropriate LEC protocols, making the mobile appear to 
behave as a wireline unit. These protocols include those well known in the art such 
as TR303, V5.2, and tip and ring signaling. 

Similarly, the home Mobility Node (605) transmits signals, dialed digits, or 

30 other information received from the LEC office (610) over port b to the mobile (630) 
using the appropriate RF protocols such as E1A-553, IS-54, IS-136, and IS-95. These 
protocols are well known in the art. 
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Mobility Node (607). This processing includes, for example, an announcement tha: 
the mobile is not within the region. 

If the home Mobility Node (605) is connected to the visited Mobility Node 
(607) (step 275), the home Mobility Node (605) queries the visited Mobility Node 
5 (607) to determine the routing number (step 285). The routing number is a 

temporary directory number given to the mobile that associates the mobile, with an 
incoming call, to the visited Mobility Node (607). The home Mobility Node (605) 
then forwards the call to the visited Mobility Node (607) (step 290) via a direct 
connection to the PSTN (not shown) using the routing number. The visited Mobility 

10 Node (607) pages the mobile and connects the roaming mobile to the home Mobility 
Node (605) (step 295). 

After the roaming mobile is connected to the home Mobility Node (step 295), 
the process continues to a modified active call process (step 800) illustrated in detail 
in FIG. 8. This process monitors the IS-41 protocol that connects the Mobility Nodes 

15 and maps it to the proper protocol to communicate with the LEC and the visited 
base station. 

FIG. 8 illustrates a flowchart of the IS-41 active call process (process 800) 
used by the Mobility Node to make the wireless mobile appear as a wireline 
subscriber. In this process, the Mobility Node monitors its ports for a signal (step 
20 801) from other Mobility Nodes. If a signal is not detected (step 805), the monitoring 
continues. 

If the Mobility Node detects a signal (step 805), the Mobility Node then 
determines the signal type and source of the signal (step 810). If the signal is not 
detected by the home Mobility Node (step 815) it must have been detected by the 
25 visited Mobility Node. It is then determined if the signal came from the IS-41 link 
(step 850). 

If the signal is from the IS-41 link, it is then determined if the signal has a 
cell site equivalent (step 855). If there is a cell site equivalent to the signal, the 
visited Mobility Node sends that equivalent signal to the cell site (step 865) in place 
30 of the original IS-41 signal. Possible signals that have cell site equivalents include 
an alert signal for the mobile or a disconnect signal. If the signal does not have a 
cell site equivalent, the visited Mobility Node processes the signal appropriately 
(step 875). 
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When the home Mobility Node (605) recognizes the origination from the 
mobile (630) over the cell (602), the home Mobility Node (605) then determines if 
the mobile (630) is one of the LEC offices subscribers (step 310) by sending a query 
that includes the mobile identification number to the HLR (606) (step 315). 
5 The process then checks if the HLR (606) responded with a valid profile on 

the wireless subscriber (step 320). If the HLR (606) responds with a valid 
information profile, the Mobility Node (605) then performs its normal call setup 
tasks (step 335) that includes assigning the mobile (630) to an available channel on 
the cell. In the preferred embodiment, the call setup tasks are identical to those 

10 used by AMPS. Alternate embodiments use other call setup tasks. The Mobility 

Node (605) then connects the assigned channel to port b and originates a call on the 
port (step 340) using the directory number dialed by the mobile. 

The LEC office (610) then performs its normal call setup tasks (step 385). The 
LEC office (610) recognizes the origination on port b, translates and routes the 

15 directory number, terminates the call on the wireline subscriber's telephone (625), 
and causes the wireline telephone (625) to ring by sending a ring signal to the 
telephone. 

At this point, the mobile subscriber and the wireline subscriber are connected 
and the process continues with the active call process (step 700) illustrated in FIG. 

20 7. If the wireline telephone answers the call or if the mobile subscriber invokes any 
special services or vertical features, the Mobility Node transmits the mobile's 
signals, dialed digits, or other information to the LEC office, using the appropriate 
LEC protocols, making the mobile appear as a wireline unit. These protocols include 
those well known in the art such as TR303, V5.2, and tip and ring signaling. 

25 Similarly, the Mobility Node transmits signals, dialed digits, or other 

information received from the LEC office port 6 to the mobile using the appropriate 
RF protocols for that transaction. These protocols include IS-54, IS-136, and IS-95. 
As described above, the process illustrated in FIG. 7 describes in detail how the 
Mobility Node makes the mobile appear as a wireline unit. 

30 If the HLR (606) does not respond with a valid profile on the wireless 

subscriber (step 320), the process determines if the mobile is roaming (step 325) in 
the service area. If the mobile (630) is not roaming, service access is denied (step 
330) since the subscriber is neither a valid home system user nor a valid roamer. In 
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below a predetermined threshold (step 410) ; the cell (602 ) informs the Mobility 
Node (605) (step 415). 

The Mobility Node (605) queries the surrounding cells to determine which 
cell is capable of communicating with the mobile (step 420). In this example, the 
5 nearby cell (601) is found to be able to support the mobile. The Mobility Node (605 ) 
allocates a channel on this cell (601) (step 425) and directs the mobile (630), 
through the current cell (602), to retune to the new channel (step 430). 

The Mobility Node (605) then connects the new channel to port b of the LEC 
switch. Once the mobile (630) arrives on the new channel supported by the new cell 
10 (601), the old channel on the first cell (602) is deallocated (step 435). 

This hand-off activity is completely transparent to the LEC office. Any 
services in effect in the LEC office are unaffected by this hand-off. The only 
difference the mobile subscriber might experience is the brief muting of the 
conversation that may occur during the hand-off using AMPS or TDMA technology. 
15 The above described hand-off process is one of many embodiments. There are 

multiple sequences and triggers possible for alternate hand-off processes. 

FIG. 5 illustrates a flowchart of a process in which a roaming, wireless 
mobile (630), illustrated in FIG, 6, registers in a visited system (603, 607, and 611). 
If the mobile roams outside the coverage area of the home Mobility Node (605) and 
20 any systems connected to the home Mobility Node, it no longer has access to its 
services in the LEC office. 

The roaming mobile (630) first registers with the visited Mobility Node (607) 
(step 500). It is then determined if the visited Mobility Node (607) is coupled to the 
home Mobility Node (605) (step 505), either through an IS-41 line or other 
25 appropriate protocol interface. 

If the visited Mobility Node (607) is coupled to the home Mobility Node (605), 
the home Mobility Node (605) is informed of the roaming mobile's location (step 
510). This enables the home Mobility Node (605) to find the roaming mobile (630) in 
the event of a call termination from the home system. 
30 If the home and visited Mobility Nodes (605 and 607) are coupled, a call 

received by the home LEC office (610) for the mobile is directed to the home 
Mobility Node (605) as normal. In this case, the home Mobility Node (605) is aware 
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Two systems are shown, the home system (901 ) and the visited system (905). The 

two systems are linked over the IS-41 link (910). 

This embodiment illustrates the routing of a call, using the above described 

processes, from a wireline subscriber (915) to a wireless mobile (920) roaming away 
5 from the home system (901). The call from the wireline unit is routed through the 

PSTN to the wireless mobile's home system (901) in which the mobile is resident in 

the HLR (925). The home Mobility Node (930), knowing that the mobile (920) is 

roaming in another system, routes the call over the IS-41 link (910) to the visited 

system's Mobility Node (935). The visited Mobility Node (935) then performs the 
10 appropriate processes to route the call to the roaming mobile (920) through the 

appropriate base station (950). 

In summary, the system and processes of the present invention provide 

wireless access to an existing LEC network throughout a metropolitan area. Unlike 

other wireless adjunct solutions, the present invention offers full mobility and direct 
15 access to wireline services throughout the metropolitan area and eliminates the 

infrastructure and signaling requirements associated with the Generic-C standards 

(i.e., AIN and ISDN). 

The present invention is independent of access technology and RF spectrum. 

The present invention can use Advanced Mobile Phone Service (AMPS), Time 
20 Division Multiple Access (TDMA), Code Division Multiple Access (CDMA), Global 

System for Mobile communications (GSM) or any other access technology in any 

frequency band. 

The present invention supports both stand-alone and networked applications 
allowing the LEC operators to customize the roaming options they offer to their 
25 subscriber base. These options can range from fixed wireless access to nation-wide 
and global roaming. 

I CLAIM: 
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12 a Mobility Node coupled to the plurality of local exchange carrier 

switches, the plurality of cells, and a subscriber database, the Mobility Node 

14 comprising a processor that converts predetermined signals from the 
radiotelephone into local exchange carrier switch signals. 

5. The system of claim 4 wherein the base station comprises a 
2 plurality of radios. 

6. A method for handing-off a radiotelephone from a first cell to a 

2 second cell, both cells being in a wireless system comprised of a plurality of 

cells, the wireless system having a Mobility Node and a local exchange 
4 carrier switch, the local exchange carrier switch comprising a plurality of 
ports, the radiotelephone communicating radiotelephone signals with the 
6 cells, the method comprising the steps of: 

the first cell monitoring a signal strength of the radiotelephone signals 
8 over a first communication channel; 

informing the Mobility Node when the signal strength is less than a 
10 predetermined threshold; 

the Mobility Node querying the plurality of cells for the second cell 
12 that is able to communicate with the radiotelephone; 

the Mobility Node allocating a second communication channel in the 
14 second cell; 

the Mobility Node directing the radiotelephone to tune to the second 
16 communication channel; 

the Mobility Node connecting the second communication channel to a 
18 first port of the plurality of ports of the local exchange carrier switch; and 

the Mobility Node deallocating the first communication channel. 

7. A wireless access system that enables a local exchange carrier to 
2 provide wireless access to wireline services by a mobile radiotelephone, the 
system comprising: 
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